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(57) A semiconductor chip packaging structure com-
prises a dielectric film (10) having one or more through
holes (11) aligned with the one or more contact pads (22
and 23) of at least one power semiconductor chip (21).
A patterned electrically conductive layer (40) adjacent to
the dielectric film (10) has one or more electrically con-
ductive posts (41) which extend through the one or more
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though holes (11) aligned with the contact pads (22 and
23) to electrically couple the conductive layer (40) to the
contact pads (22 and 23). In certain embodiments, one
or more air gaps may be formed between the dielectric
film (10) and the active surface of the at least one power
semiconductor chip (21). Methods for fabricating the
semiconductor chip packaging structure are also dis-
closed.
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Description
BACKGROUND OF THE INVENTION

[0001] The present application relates generally to
structures and methods for packaging power semicon-
ductor devices.

[0002] Wide band gap semiconductor devices, such
as SiC devices, have the ability to operate at highly ele-
vated temperatures for some power electronics applica-
tions, without degrading device performance or develop-
ing failure mechanisms that would limit operating life.
This attribute has the potential benefit of permitting high
power operation in high temperature environments with-
outexpensive cooling structures and materials that would
be required if lower operating temperatures had to be
maintained. However, operating wide band gap power
devices at high temperatures puts severe limitations on
the packaging, assembly, interconnection materials,
processes and structures.

[0003] In the past, semiconductor packaging technol-
ogies were designed for the known temperature limits of
silicon and gallium arsenide devices, which are near the
125° C to 150° C range. Packaging structures for such
devices typically incorporate polymer materials and wire
bonding interconnection technology, which can be used
at lower temperatures without sustaining heat damage.
Packaging structures incorporating these technologies
generally cannot be subjected to continuous exposure
of relatively high temperatures without facing issues of
degradation and reliability.

[0004] Traditional packaging technologies typically
employ organic adhesion layers, which often have rela-
tively high CTE values ranging, for example, from about
30 to about 60 ppm/C. For applications involving very
cold temperatures or wide thermal cycles, the use of
these organic adhesion layers may cause undesirable
levels of thermal stress on packaging structures.
[0005] Using polymers in packaging structures which
are not hermetically sealed may also cause problems in
high moisture environments, since polymers tend to ab-
sorb moisture. Absorption of moisture can have undesir-
able effects, including raising the dielectric constants of
the polymers and increasing Packaging approaches that
do not contain organic polymer materials are generally
complex, costly and have poor electrical performance.
These inorganic based packages are generally wire
bonded devices mounted onto a ceramic substrate,
which includes one or more interconnect structures and
die mount down pads. However, incorporating intercon-
nect structures on ceramic substrates generally results
in the use of non-optimum thermally conductive ceramic
substrate material, which can in turn result in a module
having a non-optimum thermal path.

[0006] Further, wire bonded devices have a number
of disadvantages, including high series electrical resist-
ance, high inductance, high levels of electromagnetic in-
terference (EMI), application of mechanical stress to the
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devices, and current crowding on the device surface.
Other drawbacks of wire bond assemblies include the
need for large package height and large substrate foot-
prints to accommodate the wire bond pads on the sub-
strate. In addition, coating wire bonds with dielectrics to
achieve voltage isolation can be difficult for a number of
reasons, including the shape of the wire bonds, the gold
metal generally used to make the bonds, and the extreme
fragility of the bonds themselves. The difficulty of achiev-
ing dielectric isolation of wire bonds is becoming more
of a problem because of the relatively high currents and
voltages used for developing high power applications.

BRIEF DESCRIPTION

[0007] The present application is directed to various
power semiconductor packaging structures and methods
of making the packaging structures. The various dis-
closed embodiments may have one or more of the fol-
lowing benefits: removal of organic adhesive material
and/or other organic materials that may limit device op-
eration or cause undesirable stresses at certain elevated
temperatures, during applications involving wide thermal
cycles or in high moisture environments; employing one
or more air gaps as part of the dielectric structure; a pack-
age interconnect structure resulting in reduced parasitic
capacitances; a robust interconnect structure capable of
withstanding thermal stresses caused by operation at el-
evated temperatures; a planar dielectric film on which to
form the package interconnect structure; the absence of
performance-limiting wire bonds interconnecting the chip
to the interconnect structure; or a low thermal resistance
cooling path.

[0008] One embodiment of the present application is
directed to a method of fabricating a power semiconduc-
tor chip packaging structure. The method comprises pro-
viding a dielectric film having a first surface and a second
surface. At least one power semiconductor chip with an
active surface and an opposing back surface is also pro-
vided, the active surface having one or more contact
pads. A layer of adhesive is applied adjacent to the first
surface of the dielectric film and the dielectric film is ad-
hered to the active surface of the atleast one power sem-
iconductor chip by bringing the active surface into phys-
ical contact with the adhesion layer. A patterned electri-
cally conductive layer is formed adjacent to the second
surface of the dielectric film, the conductive layer extend-
ing through one or more through holes formed in the di-
electric film to electrically contact the one or more contact
pads. The adhesion layer is removed to form one or more
air gaps between the dielectric film and the active surface
of the at least one power semiconductor chip.

[0009] Another embodiment of the present application
is directed to a power semiconductor chip packaging
structure, comprising at least one power semiconductor
chip having an active surface and an opposing back sur-
face, the active surface having one or more contact pads.
A dielectric film is adjacent to the power semiconductor
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chip, the dielectric film having one or more through holes
aligned with the one or more contact pads. A patterned
electrically conductive layer is adjacent to the dielectric
film, the conductive layer having one or more electrically
conductive posts which extend through the one or more
though holes aligned with the contact pads to electrically
couple the conductive layer to the contact pads. One or
more air gaps are located between the dielectric film and
the active surface of the at least one power semiconduc-
tor chip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention will now be described in greater
detail, by way of example, with reference to the drawings,
in which:-

Figs. 1 and 2 are topside and cross-sectional views
of a dielectric film with a plurality of through holes,
according to one embodiment of the present appli-
cation.

Fig. 3 is a cross-sectional view of a dielectric film and
power semiconductor chip with and adhesion layer
applied to the bottom surface of the dielectric film,
according to one embodiment of the present appli-
cation.

Fig. 4 is a cross-sectional view of a power semicon-
ductor chip attached to a dielectric film using an ad-
hesion layer, according to one embodiment of the
present application.

Fig. 5 is a cross-sectional view of the packaging
structure of Fig. 4 after a conductive layer is formed
adjacent to the dielectric film and into the through
holes to make electrical contact with the power sem-
iconductor chip, according to one embodiment of the
present application.

Fig. 6 is a cross-sectional view of the packaging
structure of Fig. 5 after the conductive layer is pat-
terned, according to one embodiment of the present
application.

Fig. 7 is a cross-sectional view of the packaging
structure of Fig.6 aligned to a power substrate, ac-
cording to one embodiment of the present applica-
tion.

Fig. 8 is a cross-sectional view of the packaging
structure of Fig. 7, after the packaging structure is
attached to a power substrate, according to one em-
bodiment of the present application.

Fig. 9A is a cross-sectional view of the packaging
structure of Fig. 8, after the adhesion layer has been
removed, according to one embodiment of the
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present application.

Fig. 9B is a magnified view of a portion of the pack-
aging structure illustrated in Fig. 9A showing an air
gap, according to one embodiment of the present
application.

Figs. 10 and 11 are cross-sectional views of pack-
aging structures similar to the embodiment of Fig. 8,
which include one or more conductive spacers po-
sitioned along side the power semiconductor chip
between the dielectric film and the power substrate,
according to embodiments of the present applica-
tion.

Figs. 12A to 12C illustrate cross-sectional views of
a method of forming a multi-level interconnect struc-
ture over a packaging structure similar to that illus-
trated in Fig. 10, according to one embodiment of
the present application.

Figs. 13 to 16 illustrate various top and side views
of a multi-chip power module, according to one em-
bodiment of the present application.

Fig. 17 illustrates a cross-sectional view of a pack-
aging structure similar to the embodiment illustrated
in Fig. 9, except that the dielectric film has been re-
moved, according to a further embodiment of the
present application.

Figs. 18 to 20 illustrate cross-sectional views of a
method of forming a packaging structure according
to another embodiment of the present application,
which is similar to the embodiment of Figs. 3, 6 and
9, except that a second dielectric film is formed on
the first dielectric film prior to forming the conductive
layer, and both the adhesion layer and the first die-
lectric film are subsequently removed.

Fig. 21 illustrates a cross-sectional view of a pack-
aging structure similar to that of Fig. 8, except that
the adhesion layer has been structurally changed
into a high temperature stable glass, according to a
further embodiment of the present application.

Figs. 22A to 23B illustrate methods of forming con-
ductive spacers, which may be used in the packaging
structures illustrated in Figs. 10 and 11, according
to embodiments of the present application.

Fig. 24 is a cross-sectional view of the packaging
structure of Fig. 5 depicting a multiple layer conduc-
tive layer that is formed adjacent to the dielectric film
and into the through holes to make electrical contact
with the power semiconductor chip, according to one
embodiment of the present application.
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DETAILED DESCRIPTION

[0011] In the following description, reference is made
to the accompanying drawings, which show by way of
illustration specific exemplary embodiments in which the
invention may be practiced. These embodiments are de-
scribed in sufficient detail to enable those skilled in the
art to practice the invention, and it is to be understood
that other embodiments may be utilized and that changes
may be made without departing from the scope of the
present invention. The following description is, therefore,
not to be taken in a limited sense. Wherever possible,
the same reference numbers are used throughout the
drawings to refer to the same or like parts.

[0012] The temperature at which any given semicon-
ductor packaging structure may continuously be used
depends upon, among other things, the materials em-
ployed in the packaging structure and the ability of the
structure for withstanding thermal stress. Generally
speaking, inorganic materials can usually withstand high-
er temperatures than organic materials, and often have
lower coefficients of thermal expansion (CTEs), which
can result in lower thermal stress levels in the package
structure. However, it may be desirable to use organic
materials where operating temperatures will permit,
since they generally result in reduced costs compared
with using inorganic-only packaging.

[0013] Accordingly, certain embodiments of the
present application may be used at higher temperatures
than other embodiments due to the materials employed
in the final structure. For example, certain packaging
structures disclosed in the present application may be
used continuously at temperatures of up to 150° C or
200° C, while others may be used continuously at still
higher temperatures of up to, for example, 250° C, 300°
C, 350° C or higher.

[0014] The structures of the present application are
not limited to use in high temperature applications, but
may also be useful in other applications where reducing
stress caused by expansion or contraction of certain ma-
terials is desirable. In some embodiments of the present
application, which will be discussed in greater detail be-
low, the removal of an adhesion layer may reduce or
eliminate the stresses that the adhesion layer may apply
to metal connections to the chip contact pads during low
temperature applications or where wide thermal cycles
are realized. Examples of such applications include the
use of power devices at cryogenic temperatures of, for
example, about 70 K or lower, or where power devices
encounter changes in temperature of 100° C, or more,
such as thermal cycling between temperatures ranging
from, for example, about -40° C to about +150° C. Sim-
ilarly, the structures of the present application would also
be of benefit in high moisture applications where the or-
ganic adhesion layer could absorb moisture, expand and
further stress the metal connections to the chip contact
pads.

[0015] The structures of the present application may
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be used to provide packaging for any type of power sem-
iconductor devices, such as, but not limited to, diodes
and power transistors, including for example, MOSFETs
(metal oxide field effect transistors) and IGBTs (insulated
gate bipolar transistors). These power semiconductor
devices may comprise any suitable semiconductor ma-
terial, such as Si or GaAs. In one embodiment, the sem-
iconductor devices comprise wide band gap semicon-
ductor materials, such as SiC devices, which are able to
withstand high temperatures. Prior to packaging or inter-
connection, these devices are generally in the form of
semiconductor chips.

[0016] Figs. 1to 9B illustrate one embodiment directed
to amethod for fabricating a power semiconductor device
packaging structure, as well as the resultant packaging
structure, which is illustrated in Fig. 9A. Chip 21 of Fig.
9A is representative of semiconductor power chips which
may be employed in the packaging structures of the
present application. While chip 21 is illustrated as a MOS-
FET device, it is understood that chip 21 may comprise
any type of power semiconductor device, including 1G-
BTs and diodes, as described above.

[0017] As illustrated in Fig. 3, Chip 21 has an active
surface 24 and a back surface 25. Generally speaking,
active surface 21 may have one or more contact pads
formed thereon, as represented by contact pads 22 and
23. As depicted, power chip 21 has two topside contact
pads typical ofa MOSFET device, including alarge power
pad 22, known as a source pad, and a smaller control
pad 23, known as a gate pad. Back surface 25 may also
include a back surface contact, known as a drain pad
(not shown), as is well known in the art. Chip 21 may be
electrically coupled to the package interconnect structure
via electrical contacts made to the one or more contact
pads and back surface contact, as will be described in
more detail below.

[0018] Figs. 1 and 2 illustrate topside and cross-sec-
tional views of one embodiment of a dielectric film 10
having a plurality of through holes 11 that extend through
the thickness of the film. It is to be understood that Figs.
1 and 2 illustrate only the portion of dielectric film 10
formed in conjunction with a single chip site, as seen in
Figs. 3 to 9. As illustrated in Figures 14 to 16, dielectric
film 10 may cover a number of such chip sites in a multi-
chip module. While dielectric film 10 is illustrated as hav-
ing a rectangular shape, dielectric film 10 may have any
desired shape or size which is suitable for forming the
structures of the present application.

[0019] Dielectric film 10 may have any desired thick-
ness. For example, dielectric film 10 may have a thick-
ness ranging from 1 to 1000 microns, or more preferably
from 50 to 500 microns, and all subranges therebetween.
In one embodiment, dielectric film 10 has a uniform thick-
ness throughout the length and width of the film.

[0020] In one embodiment, through holes 11 have a
circular shape with vertical sidewalls, as illustrated in
Figs. 1and 2. The shape of through holes 11 is not limited,
however, and may be any suitable shape. For example,
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through holes 11 may have an oval shape or a square
shape with rounded corners, or another more complex
shape. In another embodiment, through holes 11 may
have tapered sidewalls.

[0021] Dielectric film 10 may be made of any dielectric
material suitable for use in semiconductor packaging
structures, including either inorganic or organic electri-
cally insulating materials. Inorganic materials which may
be used include, for example, glass, ceramics, or other
inorganic insulators suitable for use in power packaging
structures. Specific examples of such inorganic materials
include Al,O4; BeO; SizNy; AIN; SiC; gallium nitride; dia-
mond; diamond-like carbons, such as Dylyn, which is
made by Advanced Refractory Technologies of Buffalo,
New York; and polysilicon. In one preferred embodiment,
the dielectric film is a low temperature co-fired ceramic
(LTCC).

[0022] Organic materials which may be employed as
dielectric film 10 include any electrically insulating organ-
ic material suitable for use in semiconductor packaging
structures. In one embodiment, dielectric film 10 may be
an electrically insulative polymer stable for continuous
use at temperatures above 150° C. Examples of suitable
materials include polyimides, such as KAPTON (a trade-
mark of E.l. DuPont de Nemours and Co.); high temper-
ature polymers, such as polyquinoline, polyquinoxaline,
and polyetherkeytone; BT (bismaleimide-triazine) resin,
manufactured by Mitsubishi Gas Chemical; polyester;
solder resist; epoxies;silicone based materials; and ther-
moplastic resins, such as ULTEM™ polyetherimide resin
(ULTEM is a trademark of General Electric Company).
[0023] Inoneembodiment, dielectricfilm 10is support-
ed on a frame (not illustrated) during processing. Where
dielectric film 10 comprises a flexible material, the frame
provides support to maintain dielectric film 10 in the de-
sired planar shape, and allows ease of processing.
[0024] Dielectric film 10 may comprise dielectric ma-
terials having a broad range of CTE values. For example,
materials having CTE values of about 0 to about 30
ppm/C, and all subranges therebetween, may be used.
In certain embodiments, such as embodiments that em-
ploy inorganic dielectrics having a high modulus of elas-
ticity and high mechanical rigidity, it may be desirable to
use a material for the dielectric film 10 which has CTE
similar to that of chip 21, in order to reduce stress caused
by the relative expansion and contraction of the chip 21
and dielectric film 10 during heating and cooling. In one
such embodiment, the material employed for dielectric
film 10 has an x-axis and y-axis CTE the same or similar
to the x-axis and y-axis CTE, respectively, of chip 21,
where the x-axis and y axis CTE define the CTE of the
dielectric film in the plane of the film parallel to the top
surface of chip 21 shown in Fig. 8.. For example, where
chip 21 is made of SiC, which has a CTE of about 3
ppm/C, the dielectric film may also be SiC, or another
material with a CTE of about 3 ppm/C. In other embodi-
ments, materials with higher CTEs may preferably be
used to reduce stress in the conductive layer 40, which
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typically has a CTE ranging from about 15 to about 20
ppm/C, particularly if dielectric film 10 has a low modulus
of elasticity or low mechanical strength and would not
apply a high CTE induced stress to chip 21. For example,
in one embodiment, dielectric materials having a CTE of
about 10 to about 25 ppm/C may be employed to provide
a CTE which is similar to the CTE of conductive layer 40.
In yet another embodiment, dielectric film 10 may have
CTE values that range from about 0 to about 9 ppm/C,
and more preferably range from about 2 to about 5
ppm/C.

[0025] Generally power devices are primarily cooled
from the back surface. However, in certain embodiments
where cooling is desired from the active surface, it may
be desirable to use a material for dielectric film 10 that
has a high thermal conductivity, such as SiC, 'SiN or AIN,
to allow heat to be more efficiently conducted away from
the active surface 24 of chip 21 through dielectric film 10.
[0026] The size and number of through holes may de-
pend upon the size of contact pads 22 and 23 and the
electrical current requirements of chip 21, among other
things. Forexample, as illustrated in Fig. 9A, a conductive
layer 40 contacts contact pad 22 through a plurality of
relatively small through holes in order to meet the desired
electrical current requirements for chip 21. In anotherem-
bodiment, fewer through holes having larger openings
may be employed to meet the same desired current re-
quirements. For example, a single large through hole
could replace the plurality of through holes aligned with
contact pad 22 in the Fig. 9A embodiment. In one em-
bodiment, through holes 11 have a diameter that ranges
from, for example, 100 to 5000 microns, and all subrang-
es therebetween.

[0027] In one embodiment, the method of forming di-
electric film 10 comprises obtaining a planar dielectric
film of the desired material and forming through holes 11
therein by any suitable means. In one exemplary embod-
iment, dielectric film 10 is a ceramic, and through holes
11 are formed by suitable mechanical methods, such as
mechanical hole punching or use of a water jet, while
dielectricfilm 10isin the pre-fired state (i.e., green-state).
In another embodiment, dielectric film is fired before
forming through holes 11 by, for example, mechanical
drilling, laser drilling, chemical etching techniques, or oth-
er suitable methods for forming holes in an as-fired ce-
ramic. Forming the holes in the as-fired state may be
preferable if narrow tolerances are required for position-
ing the through holes in the dielectric film, since films in
the pre-fired-state generally shrink when they are fired,
which may make it difficult to accurately position the
through holes.

[0028] Fig. 3 illustrates a cross-sectional view of die-
lectric film 10 having a polymeric adhesion layer 20 ap-
plied adjacent to a surface of dielectric film 10. The pur-
pose of adhesion layer 20 is to temporarily adhere die-
lectric film 10 to the active surface of power semiconduc-
tor chip 21 until conductive layer 40 is formed in the sub-
sequent processing step, illustrated in Fig. 4. Once con-
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ductive layer 40 is formed, conductive layer 40 will effec-
tively bond dielectric film 10 to chip 21 so that adhesion
layer 20 is no longer required.

[0029] Adhesion layer 20 may comprise any remova-
ble adhesion material which will provide suitable tempo-
rary adhesion, allow for the desired sidewall structure of
through holes 11 between dielectric film 10 and the con-
tact pads of chip 21, and which is otherwise suitable for
use in power packaging structures. Examples of suitable
materials include polyesters, solder resists, polyimides,
silicone and epoxies. In one embodiment, adhesion layer
20 may be a thermoset, a thermoplastic, or a blend of
thermosets and thermoplastics. One example of an ac-
ceptable thermoplastic is ULTEM™ polyetherimide resin
(ULTEM is a trademark of General Electric Company).
[0030] The thickness of the adhesion layer may be any
desired thickness which will provide suitable adhesion
and will allow for the vertical height of the chip contact
pads 22 and 23. For example, the adhesion layer may
be up to 5 mils thick, and more preferably from 0.2 mils
to 2.0 mils, and all subranges therebetween.

[0031] Adhesionlayer20 may be applied to the surface
of the dielectric film 10 by any suitable method. For ex-
ample, the adhesion layer 20 may be applied by menis-
cus coating, spray coating, vacuum deposition, or lami-
nation techniques. In one embodiment, adhesion layer
20 comprises a polyetherimide resin laminated in a vac-
uum chamber.

[0032] In the embodiment illustrated in Figs. 1, 2 and
3, adhesion layer 20 is applied to dielectric film 10 after
through holes 11 are formed. In an alternative embodi-
ment, adhesion layer 20 is applied to the surface of die-
lectric film 10 before through holes 11 are formed.
Through holes 11 are then formed through both dielectric
film 10 and adhesion layer 20 using any suitable tech-
nique, such as the mechanical drilling, laser drilling, or
chemical etching techniques mentioned above. In this
embodiment, through holes 11 may be formed either be-
fore or after dielectric film 10 is adhered to chip 21.
[0033] After adhesion layer 20 is applied, active sur-
face 24 of chip 21 is brought into contact with adhesion
layer 20 so that through holes 11 are aligned with contact
pads 22 and 23, as shown in Fig. 3. In one exemplary
embodiment, chip 21 is positioned onto adhesion layer
20 using a pick and place machine. Chip 21 is then bond-
ed to dielectric film 10. In one embodiment, bonding may
be accomplished by heating or otherwise curing adhe-
sion layer 20 by any suitable method. In one embodiment,
the heating step is performed in a vacuum oven to prevent
the formation of vapor pockets within adhesion layer 20.
[0034] Inoneembodiment, adhesion layer 20 is a ther-
moplastic, and bonding is accomplished by raising the
temperature until sufficient flow has occurred in the ther-
moplastic to allow bonding to occur. In another embodi-
ment, adhesion layer 20 is a thermoset and bonding is
accomplished by raising the temperature of the adhesion
layer until cross-linking has occurred.

[0035] In the embodiment where adhesion layer 20 is
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a thermoset, bonding may be accomplished by fully
cross-linking the thermoset material to form the desired
bond. However, generally adhesion layer 20 will be more
difficult to remove after full cross-linking has occurred.
Accordingly, in one alternative embodiment, the thermo-
set material is only partially cured by raising the temper-
ature of adhesion layer 20 to remove volatiles, and then
lowering the temperature of adhesion layer 20 before sig-
nificant cross-linking occurs. This will allow the temporary
adhesion layer to be more easily removed later in the
process. In certain embodiments it may be desirable to
continue heating adhesion layer 20 until partial, but not
full, cross-linking has occurred in order to form a bond
strong enough to allow chip 21 to remain bonded to die-
lectric film 10 during the fabrication process until conduc-
tive layer 40 is formed, while still allowing for relatively
easy removal of adhesion layer 20.

[0036] In yet another embodiment, a single layer may
function as both dielectric film 10 and adhesion layer 20.
For example, a single thermoplastic layer, such as for
example ULTEM™ polyetherimide resin, may be em-
ployed as both the dielectric film 10 and the adhesion
layer. Although this embodiment may require a higher
bonding temperature to bond chip 21 to dielectric film 10
when compared with the process utilizing a separate ad-
hesion layer 20, it has the advantage of utilizing a single
layer to replace two separate layers, thereby reducing
the number of materials and processing steps required
and saving time and/or expense.

[0037] Fig. 5 illustrates a cross-sectional view of chip
21 attached to dielectric film 10 after conductive layer 40
has been formed. Dielectric film 10 provides a planar
surface on which conductive layer 40 may be formed,
resulting in a planar interconnect structure on the upper
surface of dielectric film 10. Conductive layer 40 fills
through holes 11 to form conductive posts 41, which elec-
trically couple conductive layer 40 to contact pads 22 and
23.

[0038] Conductive posts 41 provide the necessary ad-
hesion to hold both dielectric film 10 and conductive layer
40 to power semiconductor chip 21. In one embodiment,
one or more through holes in dielectric film 10 are also
formed over inactive areas of chip 21 so that additional
metal posts attach to the inactive areas to provide in-
creased mechanical adhesion.

[0039] Conductive layer 40 may comprise any conduc-
tive material suitable for use in power semiconductor de-
vice interconnects. In one embodiment, conductive layer
40 may comprise refractory metals, noble metals, or al-
loys of refractory and/or noble metals. Examples of such
metals and metal alloys include tungsten, molybdenum,
titanium/tungsten, gold, platinum, palladium, gold/indi-
um, and gold/germanium. In another embodiment, cop-
per, aluminum, or alloys of copper or aluminum may be
employed. The material employed for the metal layer may
be chosen to withstand the temperatures at which the
power chip is expected to operate. For example, the met-
al may be chosen to withstand continuous operating tem-
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peratures above about 150° C, such as temperatures of
250° C, 300° C, 350° C, and higher. In one embodiment,
copper may be employed at temperatures below about
350° C. In yet another embodiment, refractory metals,
noble metals or alloys of refractory and/or noble metals,
such as those listed above, may be employed at temper-
atures higher than about 350° C.

[0040] The desired thickness of conductive layer 40
depends upon the amount of current expected, as well
as the width of the metallization runs in the patterned
conductive layer. In one embodiment, the total thickness
of conductive layer 40 is capable of carrying the relatively
high currents typical for power chip operation with rela-
tively low resistive losses. For example, conductive layer
40 may be formed to a thickness of 10 microns or greater,
such as thicknesses ranging from 15 to 500 microns, or
20 to 250 microns, and all subranges therebetween.
[0041] In one embodiment conductive posts 41 fill
through holes 11, as depicted in Fig. 5. However, de-
pending on the size of through holes 11 and the thick-
nesses of dielectric layer 10 and adhesive layer 20, con-
ductive posts 41 may be more conformal to the though
hole so as to cover the through hole side walls and the
chip contact pads 22 and 23 and only partially filling
through holes 11.

[0042] Conductive layer 40 may be formed by sputter-
ing, chemical vapor deposition, electroless plating, orany
other suitable methods. In one embodiment, conductive
layer 40 comprises a single layer. In an alternative em-
bodiment, conductive layer 40 comprises multiple layers.
For example, conductive layer 40 may comprise a thin
metal seed layer and a thicker metal layer formed on the
seed layer. In yet other embodiments, the conductive lay-
er 40 may comprise a barrier metal layer and/or an ad-
hesion layer. Examples of materials which may be em-
ployed as adhesion layers include titanium, gold, and
tungsten. Combinations of these layers may also be em-
ployed to provide the desired adhesion, such as for ex-
ample, a layer of gold on a layer of tungsten. In one em-
bodiment, a thin layer of titanium may function as both a
barrier layer and an adhesion layer. Other suitable barrier
and/or adhesion layers may be employed in place of or
in addition to the materials listed above.

[0043] Forexample, in one embodiment, as illustrated
in Fig. 24, a multiple layer conductive layer 40 is formed
using a sputter/electroplate process. The first step in this
process is to apply a relatively thin barrier metal layer
241 by a sputter process over the top surface of the di-
electric film 10, including on to the sidewalls of through
holes 11 and on portions of contact pads 22 and 23 ex-
posed at the bottom of through holes 11. Barrier metal
layer 241 may comprise any suitable barrier metal, such
as, for example, titanium. Barrier metal layer 241 may be
formed to a thickness of, for example 500 to 5000 ang-
stroms, and all subranges therebetween. A seed layer
242 is then formed on barrier metal layer 241 by sputter-
ing, followed by depositing a thicker metal layer 243 by
electroplating. Seed layer 242 is generally made of the
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material which will be deposited in the electroplating step,
although any seed layer which will provide for the desired
nucleation to occur during electroplating could be em-
ployed. For example, a seed layer 242 of copper may be
deposited to a thickness ranging from 2000 angstroms
to 1 micron, and all subranges therebetween, followed
by electroplating additional copper to form layer 243 to
the desired thickness of, for example, 25 to 200 microns,
and all subranges therebetween.

[0044] In yet another embodiment, the barrier layer is
not employed. Instead, a copper seed layer is formed
directly on dielectric film 10 by sputtering or electroless
plating, followed by electroplating additional copper to
the desired thickness, as described above.

[0045] Fig. 6 illustrates a cross-sectional view of chip
21 attached to dielectric film 10 after conductive layer 40
is patterned. Conductive layer 40 is patterned by selec-
tively removing portions of the conductive layer to form
packaging structure interconnects. The resulting inter-
connect structure comprising conductive posts 41 and
wiring 42 formed adjacent to the upper surface of dielec-
tric film 10 can provide low resistance and low inductance
interconnections for high currents often present in power
semiconductor devices.

[0046] Conductive layer 40 may be patterned by any
suitable method. Metallization patterning can be control-
led precisely using, for example, a technique known as
adaptive lithography that is described in Eichelberger et
al., U.S. Pat. No. 4,835,704. The description of adaptive
lithography found in Eichelberger is incorporated herein
by reference. Conventional patterning and etching tech-
niques, such as subtractive etching, may be employed.
For example, a photomask material may be applied over
the surface of conductive layer 40, followed by photode-
veloping the photomask material into the desired inter-
connect pattern, and then etching the exposed portions
of conductive layer 40 using a standard wet etch bath.
[0047] In an alternative embodiment, conductive layer
40 may be formed by semi-additive processing tech-
niques, which are also well knownin the art. For example,
a thin metal seed layer may be formed on dielectric film
10. A photomask material is applied over the surface of
the thin metal seed layer, followed by photodeveloping
the photomask material so that the thin metal seed layer
is exposed where the desired interconnect pattern is to
be formed. An electroplating process is then employed
to selectively deposit additional metal on the exposed
seed layer to form a thicker layer, followed by removing
the remaining photomask material and etching the ex-
posed thin metal seed layer.

[0048] Fig. 7 illustrates a cross-sectional view of die-
lectric film 10 attached to chip 21, which is aligned to a
power module substrate 70. Power module substrate 70
comprises an insulating substrate 71 having one or more
electrically conductive substrate contacts 72 to which
chip 21 may be electrically coupled, as illustrated in Fig.
8. For example, chip 21 may be soldered to substrate
contact 72 with solder 74 by any suitable method. Insu-
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lating substrate 71 may also have a backside conductive
layer 73, which can facilitate attachment of the power
module to a heat sink (not shown) by any suitable meth-
od.

[0049] Insulating substrate 71 may comprise any insu-
lating material suitable for use in power module sub-
strates. Examples of such materials are inorganic insu-
lating materials, such as ceramics, including Al,O5 and
BeO, as well as other insulating materials, such as AIN,
SizN,4 and SiC.

[0050] Inone embodiment, insulating substrate 71 has
a first major surface and an opposing second major sur-
face, the first and second major surfaces being substan-
tially planar. The one or more electrically conductive sub-
strate contacts 72 are formed adjacent the first major
surface, as illustrated in Figure 7. Backside conductive
layer 73 may be formed on the second major surface.
[0051] The solder 74 should be chosen to withstand
the temperatures at which chip 21 will operate. For ex-
ample, in certain lower temperature applications, tin lead
(SnPb) solder may be employed. In one embodiment the
tin lead may have a high lead content, such as 90 % by
weight lead. At higher temperatures, a high temperature
solder, such as gold tin (AuSn), gold germanium (AuGe)
or gold indium (Auln) may be preferable. In other embod-
iments the solder may be chosen from tin silver copper,
tin copper, and tin bismuth. Other suitable high temper-
ature die attach techniques, such as brazing, or diffusion
bonding using copper gallium, may also be employed in
place of soldering.

[0052] Substrate contact 72 and backside conductive
layer 73 may comprise any conductive material suitable
for use in power semiconductor device contact struc-
tures. The material employed may be chosen to with-
stand the temperatures at which the power chip is ex-
pected to operate. In one embodiment, for example, re-
fractory metals, noble metals or alloys comprising refrac-
tory and/or noble metals, such as tungsten, molybdenum,
gold, platinum, palladium, and titanium-tungsten may be
employed. In another embodiment, copper, aluminum,
or alloys of copper or aluminum may be employed. For
example, in one embodiment substrate contact 72 is cop-
per and backside conductive layer 73 is copper molyb-
denum (CuMo).

[0053] Fig. 9A illustrates a cross-sectional view of one
embodiment of a power semiconductor chip packaging
structure, similar to the structure illustrated in Fig. 8, with
the adhesion layer 20 removed. The removal of adhesion
layer 20 may occur either before or after chip 21 is at-
tached to power substrate 70. The removal of adhesion
layer 20 results in the formation of one or more air gaps
91 between dielectric film 10 and the active surface of
power semiconductor chip 21. The size of the air gaps
will depend on the thickness of adhesion layer 20 which
is removed. As more clearly illustrated in Fig. 9B, the air
gap may be formed having a height of distance x between
the dielectric film 10 and the active surface of chip 21. In
one embodiment, distance x may have a height ranging
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from about 0.01 mil to about 5 mils, and all subranges
therebetween. For example, distance x may have a
height ranging from about 0.2 mil to about 2 mils.
[0054] Inoneembodiment, lateral airgaps 92 surround
at least one lateral edge of chip 21, between dielectric
film 10 and substrate 70. It is to be understood that the
lateral edges of the device may include additional layers,
not illustrated, such as a voltage isolation dielectric, de-
scribed in greater detail below. In one embodiment, air
gaps 92 surround the entire periphery of one or more
devices encapsulated by the packaging structure.
[0055] Airgaps 92 may extend between the lateral edg-
es of various devices in the packaging structure. For ex-
ample, as seen in Fig. 10, air gap 92 extends between
chip 21 and conductive spacer 100, which will be de-
scribed in greater detail below. Air gaps 92 may also ex-
tend between the devices 130 and 131 and spacers 100
of the multi-chip modules illustrated in Figs. 15 and 16,
which will also be described in greater detail below.
[0056] Referring again to Fig. 9A, the removal of ad-
hesion layer 20 will increase the temperature range at
which the packaging structure may continuously be used.
Generally, materials used for the adhesion layer 20 begin
degrading and breaking down at relatively low tempera-
tures, compared with the other materials used in the
packaging structure of Fig. 9. For example, the adhesion
layer 20 may begin to break down at a temperature of
about 125° C. Thus, the removal of the adhesion layer
will increase the temperature range at which the pack-
aging structure may be continuously used to the highest
temperatures below which the other materials in the
packaging structure will not break down, as discussed in
more detail below.

[0057] Adhesionlayer 20 may be removed by any suit-
able method. In one embodiment, the temporary adhe-
sion is removed by etching, such as by wet chemical
etching, plasma etching, or other suitable etching tech-
niques. In an alternative embodiment, adhesion layer 20
is removed by dissolving the layer using a solvent.
[0058] In yet another embodiment, adhesion layer 20
is removed by sublimation. In this embodiment, the ma-
terials for adhesion layer 20 may be any suitable subli-
mable material. Such materials may include, forexample,
low melt waxes, anthraquinone, sublimable derivatives
of anthraquinone, such as alizarin, and other sublimable
organic solids, such as adipic acid and other dicarboxylic
acids. A description of other sublimable materials, many
of which may be readily employed as adhesion layer 20,
may be found in the Handbook of Chemistry and Physics.
60th Ed. Pages C-722 to C-723, and the description of
these sublimable materials is herein incorporated by ref-
erence.

[0059] Sublimation of adhesion layer 20 may be ac-
complished by any suitable method which is appropriate
for sublimating the material employed and which will not
damage the chip or packaging structure. Such methods
are well known in the art and may include, for example,
raising the temperature and/or reducing the pressure to
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provide the necessary conditions for sublimation to oc-
cur.

[0060] In embodiments where sublimable materials
are employed for adhesion layer 20, the temperature and
pressure parameters of the processing steps prior to the
desired removal of the sublimable material are preferably
chosen to minimize sublimation of the material.

[0061] Theresulting packaging structure of Fig. 9A has
a planar interconnect structure. Additionally, in the em-
bodimentwhere dielectric film 10 is aninorganic material,
the packaging structure contains no temperature limiting
polymers or other organic materials, and thus can be
operated continuously at temperatures of up to 350° C,
or possibly higher.

[0062] In alternative embodiments, where dielectric
film 10 comprises an organic material, the temperature
at which the device may be operated continuously with-
out incurring heat damage may depend on the particular
material employed. For example, polymers, such as
some polyimides, may be operated continuously at tem-
peratures of up to about 200° C without sustaining dam-
age, while the high temperature polymers listed above
may be used at temperatures of up to about 250° C, or
possibly higher. As polymers are developed which can
withstand still higher temperatures, the usable tempera-
ture range of polymers in the packaging structures of the
present disclosure will increase.

[0063] Fig. 10 illustrates a cross-sectional view of one
embodiment of a power semiconductor chip packaging
structure having air gaps 91 formed between dielectric
film 10 and power semiconductor chip 21, similar to the
embodiment of Fig. 9A, except that the embodiment of
Fig. 10 also includes a conductive spacer 100. Conduc-
tive spacer 100 is formed adjacent to substrate contact
72 and electrically couples the back surface 25 of chip
21 to a back surface contact 40c formed on the upper
surface of dielectric film 10. This allows all power signals
and controls to chip 21 to be made through contacts 40a,
40b and 40c adjacent to the active surface of chip 21.
Since contacts 40a, 40b and 40c are all located on the
same plane (e.g., the surface of dielectric film 10), the
interconnect structure of the packaging structure may be
positioned on the surface of dielectric film 10, thereby
eliminating the need to form interconnects on power sub-
strate 70. In this embodiment, insulating substrate 71
may comprise a material having a high thermal conduc-
tivity, such as, for example, SiC, in order to increase the
thermal conductivity of the packaging structure’s thermal
path. A heat sink (not shown) may be mounted on the
bottom of the power substrate, if desired, thereby provid-
ing for an increased thermally conductive thermal path.
[0064] In an alternative embodiment, as depicted in
Fig 11, conductive spacers 100 can electrically couple
contact pads 22 and/or 23 of chip 21 to electrically con-
ductive substrate contacts 72a on substrate 70. This al-
lows all of the power signals and controls to the power
chip to be made through the interconnect structure ad-
jacent to the backside surface of chip 21. Since the ma-
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jority of the interconnect structure is adjacent to power
substrate 70, rather than dielectric film 10, this embodi-
ment would allow optimization of the thermal path
through the materials adjacent to the active surface of
chip 21, including dielectric film 10 and contacts 40a and
40b. Additionally, it would allow the possibility of mount-
ing a heat sink (not shown) in proximity to dielectric film
10 and contacts 40a and 40b.

[0065] In one embodiment, conductive spacer 100
may have a thickness which is approximately equal to a
thickness of chip 21, as illustrated in Figs. 10 and 11.
Conductive spacer 100 may be attached to the substrate
contact 72 of power substrate 70 using, for example, sol-
der attach 74, similar to the process described above in
relation to Fig. 8 for attaching chip 21 to power substrate
70.

[0066] Figs. 22A to 23B illustrate two exemplary meth-
ods of forming conductive spacers 100. In the embodi-
ment of Figs. 22A and 22B, conductive spacer 100 is
formed out of a sheet 101 of electrically conductive ma-
terial. The electrically conductive material may comprise,
for example, a metal, such as Cu, Al, W or stainless steel,
or a metal composite material such as Cu:Mo, Cu:lnvar,
Al:SiC or Graphite reinforced Al. Sheet 101, as depicted
in Fig. 22A, has a thickness approximately equal to that
of chip 21, as illustrated in Fig. 10. As shown in Fig. 22B,
sheet 101 may be cut into individual spacers 100. Sheet
101 may be cut by any suitable, such as mechanical cut-
ting, laser cutting or waterjet cutting.

[0067] Alternatively, in the embodiment depicted in
Figs. 23A and 23B, conductive spacer 100 may be fab-
ricated as a more complex structure, such as a plastic or
ceramic material with metal feedthroughs. In this embod-
iment, sheet 101 is composed of nonconductive material
101a with a plurality of conductive feedthroughs 101 b
extending through the thickness of nonconductive mate-
rial 101a. Sheet 101 is cut into multiple conductive spac-
ers 100, each containing at least one conductive
feedthrough 101b. Nonconductive material 101 a may
comprise an organic dielectric material, such as a filled
or unfilled polymer, epoxy, silicone, or blend thereof; or
an inorganic material, such as ceramic or glass. Conduc-
tive feedthroughs 101 b may comprise a metal, such as
Cu, Al, W or stainless steel, or a metal composite material
such as Cu:Mo, Cu:lnvar, Al:SiC or Graphite reinforced
Al.

[0068] In one embodiment, a composite sheet 101 of
Fig. 23A may be fabricated by molding nonconductive
material 101a around the conductive feedthroughs 101
b in either a sheet of the desired thickness or in a thick
block that is later sliced into sheets of the desired thick-
ness. Any nonconductive materials suitable for molding
may be employed in this embodiment. Examples of such
materials may include organic dielectric materials, such
as filled or unfilled polymers, epoxy, silicone, or blends
of such materials.

[0069] In one embodiment for forming conductive
spacers which may be preferably employed in packaging
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structures used at high temperatures, the nonconductive
material is inorganic, such as a ceramic or glass, and
conductive feedthroughs 101 b comprise refractory or
noble metals, such as for example tungsten, molybde-
num, titanium-tungsten, gold, platinum, palladium, gold/
indium, and gold/germanium. In this embodiment, com-
posite sheet 101 may be formed using any suitable meth-
od, such as ceramic firing methods, or known methods
of melting and cooling glass.

[0070] Multi-level interconnect structures, which allow
the formation of more complicated interconnect circuits
as part of the packaging structure, may be employed in
the packaging structures of the present application. One
embodiment of a multi-level interconnect structure is il-
lustratedin Figs. 12Ato 12C. The multi-level interconnect
structure comprises an interlevel dielectric layer 94, as
illustrated in Fig. 12A, which is deposited over the ex-
posed areas of dielectric film 10 and contacts 40a, 40b,
and 40c. Dielectric layer 94 may comprise, for example,
an inorganic dielectric, such as glass, ceramic, oxide or
other suitable inorganic material that can be deposited
atatemperature below that which could damage the pow-
er device or interconnect structure. Interlevel dielectric
layer 94 may be formed by any suitable method, such as
by coating and then etching to form one or more via holes
95 into which conductive plug 96 is formed, or by selec-
tively depositing dielectric layer 94 over the desired re-
gions of the top surface to leave one or more via holes
95. Conductive plug 96, illustrated in Fig. 12B, which elec-
trically couples contact pad 40c to the top of the second
dielectric layer 94, is then formed by any suitable method.
As illustrated in Fig. 12C, conductive layer 97 is then
disposed over portions of the top surface of dielectric
layer 94, making electrical contact to conductive plug 96.
Additional interlevel dielectric layers and conductive lay-
ers may be formed to provide additional interconnect lev-
els, if the complexity of the circuit requires it. Conductive
plugs may also be formed to contact pads 40a and 40b,
in addition to contact pad 40c, for electrically contacting
the interconnects of the multilevel interconnect structure.
[0071] The semiconductor chip packaging structures
of the present application may contain one or more power
semiconductor chips. Where packaging structures are
fabricated with more than one power chip, the chips may
be arranged in any suitable configuration to provide the
desired circuitry. For example, Fig. 13 illustrates a top
view of one embodiment of a multi-chip power module
(dielectric film 10 and patterned conductive layer 40 are
not illustrated for clarity) having more than one power
semiconductor chip. The module includes FETs 130 hav-
ing gate contact pads 23 and source contact pads 22, as
well as diodes 131 having source contacts 132. The mod-
ule also includes conductive spacers 100.

[0072] Figs. 14 to 16 illustrate top and side views of
the interconnect structure for the multi-chip power mod-
ule of Fig. 13. Conductive posts 41 electrically couple
patterned conductive layer 40 on the upper surface of
dielectric film 10 with the various chips in the module.
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[0073] In the embodiment illustrated in Figure 14, 1/O
straps 151 are employed to provide a means for electri-
cally connecting the power module to, for example, a
circuit board. In one embodiment, as more clearly illus-
trated in Fig. 15, straps 151 are extensions of substrate
contacts 72, the straps and the contacts being formed
from the same piece of conductive material. In this em-
bodiment, straps 151 may be formed by any suitable
method. For example, the conductive material forming
straps 151 and contacts 72 may be bent into the desired
shape prior to attachment to substrate 71 by controlling
the radius of curvature using standard metal bending
methods. Alternatively, the material forming straps 151
and contacts 72 may be applied to the substrate in a flat
form and bent to the desired form after attachment. This
latter method simplifies the attachment process, but care
must be taken not to stress the strap-to-substrate bond.
In yet another embodiment, straps 151 and contacts 72
are formed separately by, for example, forming contacts
72 on substrate 71, and then attaching straps 151 to con-
tacts 72 by any suitable method, such as soldering, braz-
ing or welding.

[0074] In other embodiments, straps 151 may be ex-
tensions of conductive layer 40, the straps 151 and the
contacts 40 being formed from the same piece of con-
ductive material by methods similar to those described
inthe preceding paragraph. Alternatively, straps 151 may
be attached to conductive layer 40, by, for example, sol-
dering, brazing or welding. In yet other embodiments, the
I/O structure may include one or more 1/O straps which
are attached to, or are extensions of, substrate contacts
72, and one or more 1/O straps which are attached to, or
are extensions of, conductive layer 40.

[0075] Other suitable I/O structures and techniques
may also be employed, including, but not limited to, pres-
sure contact techniques or direct solder attach to an in-
terconnect structure, such as a printed circuit board or a
ceramic substrate. As is well known in the art, the 1/0
structure is generally selected based upon the system
level requirements of the particular power circuit appli-
cation.

[0076] Figs. 13 to 16 are directed to one example of a
possible multi-chip configuration for a power module, and
one of ordinary skill in the art would readily understand
that many other alternative configurations are possible.
[0077] One of ordinary skill in the art would also un-
derstand thatthe multi-chip power modules of the present
application may be configured to form any desired power
devices, such as power switches, power half bridges,
power bridges, power rectifiers, and complex power func-
tions.

[0078] In one embodiment, the power module may be
mounted into a hermetic enclosure forming a hermetically
sealed power module. One exemplary hermetic enclo-
sure which may be used is a ceramic package with sealed
electrically conductive leads forming electrical connec-
tions to the module interconnects. Methods and struc-
tures for providing such hermitically sealed enclosures
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are well known in the art.

[0079] Fig. 17 illustrates a cross-sectional view of an-
otherembodiment of the present application which is sim-
ilar to the embodiment of Fig. 9A, except that dielectric
film 10 has beenremoved, leaving airgaps 91. The height
y of air gaps 91 in this embodiment is approximately equal
to the combined thickness of adhesion layer 20 and di-
electric film 10, which may range from about 25 to about
100 microns. In this embodiment, air gaps function as a
dielectric in place of the dielectric film 10.

[0080] Since dielectric film 10 is to be removed in this
embodiment, the material for dielectric film 10 may be
any removable material which is stable at the processing
temperatures and environmental conditions that dielec-
tric film 10 will be subjected to during module fabrication.
The material of dielectric film 10 may be chosen so as to
be relatively easy to remove. For example, dielectric film
10 in this embodiment may be an organic film, such as
any of the organic films listed above for dielectric film 10
in the description of the embodiment of Figs. 1-9B. Pre-
ferred materials for this embodimentinclude BT (bismale-
imide-triazine) resin, manufactured by Mitsubishi Gas
Chemical, as well as dissolvable materials, such as pol-
yester, solder resist, or ULTEM™ polyetherimide (UL-
TEM is a trademark of General Electric Company).
[0081] The method for forming the embodiment of Fig.
17 is similar to the method described above with respect
to Figs. 1 to 9B, except that dielectric film 10 is removed.
In one embodiment, dielectric film 10 may be removed
in the same step as adhesion layer 20. In an alternative
embodiment, dielectric film 10 may removed in a sepa-
rate step than that of adhesion layer 20. Dielectric film
10 may be removed by any suitable method. For exam-
ple, the removal process may be accomplished by etch-
ing dielectric film 10 using wet chemical etching or plasma
etching techniques.

[0082] Alternatively, where dielectric film 10 is a dis-
solvable material it may be removed by dissolution in a
solvent. For example, when dielectric film 10 is a poly-
etherimide resin, it may be dissolved using one or more
solvents chosen from methylene chloride, anisole, n-me-
thyl-pyrrolidone, acetophenone, ortho-dichloro benzene,
cresol, cresylic acid, and concentrated sulfuric acid. The
reactivity of the polymer layer in solvent is typically in-
creased by heating, so it may be useful to apply the sol-
vent using, for example, a hot spray technique.

[0083] In an alternative embodiment, dielectric film 10
is removed by sublimation. In this embodiment, the ma-
terials for dielectric film 10 may comprise any suitable
sublimable material. Such materials may include, for ex-
ample, low melt waxes, anthraquinone, sublimable de-
rivatives of anthraquinone, such as alizarin, and other
sublimable organic solids, such as adipic acid and other
dicarboxylic acids. A description of other sublimable ma-
terials, many of which may be readily employed as die-
lectric film 10, may be found in the Handbook of Chem-
istry and Physics, 60th Ed., pages C-722 to C-723, and
the description of these sublimable materials is herein
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incorporated by reference.

[0084] Sublimation may be accomplished by any
method which is appropriate for sublimating the material
employed and which will not damage the chip or pack-
aging structure. Such methods are well known in the art
and may include, for example, raising the temperature
and/or reducing the pressure to provide the necessary
conditions for sublimation to occur.

[0085] In embodiments where sublimable materials
are employed for dielectric film 10, the temperature and
pressure parameters of the processing steps employed
prior to the desired removal of the sublimable material
are preferably chosen to minimize sublimation of the ma-
terial.

[0086] Figs. 18-20 illustrate cross-sectional views of
yet another embodiment for forming a packaging struc-
ture, which is similar to that described above in connec-
tion with Figs. 1 to 9B, except that a multi-layer dielectric
180 is employed instead of a single dielectric film 10. Fig.
20 further shows a voltage isolation layer 190, which is
described in greater detail below. However, it is to be
understood that other structures may be formed in place
of voltage isolation layer 190, such as the multi-level in-
terconnect structure described above with reference to
Figs. 12A to 12C.

[0087] Referring to Fig. 18, multi-layer dielectric 180
comprises both dielectric film 10 and a dielectric film 181.
As illustrated in Fig. 20, dielectric film 10 is eventually
removed, while dielectric film 181 remains in place, cov-
ering the surface of conductive layer 40 proximate the
active surface of chip 21, thereby providing protection
from air dielectric breakdown. Both dielectric films 181
and 10 may be chosen to allow for selective removal of
dielectric film 10. In addition, dielectric film 181 may be
chosen to comprise a material which will withstand the
continuous temperatures at which chip 21 will operate.

[0088] Inone embodiment, dielectric film 10 may com-
prise an organic material and dielectric film 181 may com-
prise an inorganic material. Examples of organic mate-
rials which may be employed as dielectric film 10 in this
embodiment include any of the organic materials de-
scribed herein above for use as dielectric film 10, includ-
ing, for example, polyimides, such as KAPTON, (a trade-
mark of E.I. DuPont de Nemours and Co); Thermosets;
Thermoplastic Resins, such as ULTEM™ polyetherimide
(ULTEM is a trademark of General Electric Company);
BT (bismaleimide-triazine) resin, manufactured by Mit-
subishi Gas Chemical; polyester; solder resist; high tem-
perature polymers such as polyquinoline, polyquinoxa-
line, and polyetherkeytone; epoxies; and silicone based
materials. Examples of inorganic materials which may
be employed as dielectric film 181 include any of the in-
organic materials described herein above for use as di-
electric film 10, including, for example, glass or ceramic
materials, such as Al,O3; BeO; SizN,; AIN; SiC; gallium
nitride; diamond, such as diamond films deposited by low
temperature deposition techniques; diamond-like car-
bons, such as Dylyn, which is made by Advanced Re-
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fractory Technologies of Buffalo, New York; and polysil-
icon.

[0089] Referring to Fig. 18, adhesion layer 20 is ap-
plied to the surface of dielectric film 10 of the multi-layer
dielectric 180. Then, asiillustrated in Fig. 19, a conductive
layer 40 is formed, followed by patterning conductive lay-
er 40, similarly as described above in connection with
Figs. 5 and 6. Adhesion layer 20 and dielectric film 10
are removed, leaving layer 181 under patterned conduc-
tive layer 40, to produce the packaging structure illustrat-
ed in Fig. 20. The removal of adhesion layer 20 and di-
electric film 10 may occur either before or after chip 21
is attached to power substrate 70, the attaching process
being similar to the attaching process described above
in connection with Figs. 6 to 8.

[0090] Adhesion layer 20 and dielectric film 10 may be
removed in the same step or in separate steps. Adhesion
layer 20 and dielectric film 10 may be removed by any
suitable method, such as etching, dissolution in a solvent,
or sublimation, as disclosed above for removing dielectric
film 10 in Fig. 17. The removal steps employed in this
embodiment are chosen to allow dielectric film 181 to
remain. Thus, for example, where etching is used, the
etching process preferably selectively etches the dielec-
tric film 10, as compared to dielectric film 181.

[0091] Where dielectric film 10 is removed by sublima-
tion, any of the sublimable materials and methods for
sublimation which are described herein above for forming
and removing dielectric film 10 in the description of the
embodiment of Fig. 17 may be employed. In this embod-
iment, dielectric film 181 may be chosen to be any suit-
able dielectric material which will not be removed or oth-
erwise damaged by the conditions necessary to subli-
mate dielectric film 10, such as, for example, any of the
organic materials and inorganic materials previously
taught for use as dielectric film 10, other than the subli-
mable materials.

[0092] In the packaging structure of Fig. 20, both die-
lectric film 181 and air gaps 91 function to provide the
desired electrical insulation between conductive layer 40
and chip 21. Accordingly, both the height z of air gaps
91 and the thickness of dielectric film 181, combined,
may be chosen to provide the desired electrical insula-
tion, given the breakdown characteristics of dielectric film
181 and the applied voltages. The existence of dielectric
film 181 may help provide protection against air dielectric
breakdown, which may occur in, for example, high mois-
ture environments.

[0093] Fig. 21 illustrates a cross-sectional view of yet
another embodiment which is similar to the embodiment
described above in connection with Figs. 1 to 9B, except
that instead of removing adhesion layer 20, the adhesion
layer 20 is converted into a material which is stable at
relatively high temperatures. For example, adhesion lay-
er 20 may be applied as an organic material that is sub-
sequently converted to a substantially inorganic material,
such as glass. An example of one type of material which
may be employed is an inorganic-organic hybrid polymer,

10

15

20

25

30

35

40

45

50

55

12

such as ORMOCER® (trademark of the Fraunhofer-Ges-
ellschaft zur Férderung der angewandten Forschung
e.V. Munchen). ORMOCER material can be applied by
spin coating or other liquid dispensing techniques onto
dielectric film 10 and partially cured to form adhesion
layer 20. Following placement of chip 21 onto the OR-
MOCER adhesion layer 20, the temperature of the pack-
aging structure is raised to the cure point of the OR-
MOCER, which is about 170°C without hardeners and
about 70°C with hardeners. The material cross links into
a hermetic, inorganic or substantially inorganic structure
that can withstand 300°C or higher environments. The
phrase "substantially inorganic" means that the layer
mainly comprises a network of inorganic structural units,
although some organic functional groups and/or organic
crosslinking units may remain. For example, after the in-
organic-organic hybrid polymer is cured, it may comprise
10 % by weight or less of organic structural units.
[0094] The above-described packaging structures of
the present application result in a patterned conductive
layer 40 which is relatively easy to coat with dielectrics
to achieve voltage isolation, as compared to wire bonds
which are traditionally used in packaging. To provide volt-
age isolation in the packaging structures of the present
application, a voltage isolation dielectric layer may be
formed adjacent to patterned conductive layer 40, as well
as other voltage sensitive areas, such as exposed por-
tions of substrate contact 72, solder attach 74 and voltage
sensitive areas of chip 21. For example, referring back
to the embodiment of Fig. 20, voltage isolation layer 190
is formed adjacent to the patterned conductive layer 40
and portions of the exposed top surface of dielectric layer
181. While voltage isolation layer 190 is only illustrated
in connection with the embodiment of Fig. 20, it is to be
understood that such voltage isolation layers may be em-
ployed in all of the packaging structures disclosed in the
present application.

[0095] In one embodiment, the voltage isolation die-
lectric layer may comprise an inorganic material, such
as diamond-like carbon (DLC), aluminum oxide, ceramic
composites, glass, gallium nitride and oxides and ni-
trides. One example of a DLC layer which may be em-
ployed as a voltage isolation dielectric is DYLYN, which
is made by Advanced Refractory Technologies of Buffa-
lo, New York. DYLYN has coupling materials such as
silanes that chemically grip native oxides, thus allowing
for good adhesion. Other dielectric materials suitable for
providing voltage isolation may be employed. In one em-
bodiment, dielectric materials having relatively low CTEs
may be employed to prevent undesirable thermal stress
on the devices and/or packaging structures. The voltage
isolation dielectric layer may be deposited by any suitable
method, such as, for example, chemical vapor deposition
or plasma enhanced chemical vapor deposition.

[0096] In one embodiment, an adhesion layer is de-
posited prior to depositing the voltage isolation dielectric
layer in order to increase the adhesion of the dielectric
layer to the underlying conductive layer 40, as well as to
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other exposed surfaces of the packaging structure on
which the voltage isolation dielectric layer may be
formed. The adhesion layers may have any suitable
thickness which will provide the desired adhesion. For
example, the adhesion layers may have a thickness rang-
ing from about 50 angstroms to about 2000 angstroms.
Examples of materials which may be employed as the
adhesion layer include gold, molybdenum and titanium/
tungsten. Methods for forming such adhesion layers are
well known in the art.

Claims

1. A method of fabricating a power semiconductor chip
packaging structure, comprising:

providing a dielectric film 10 having a first sur-
face and a second surface;

providing at least one power semiconductor chip
(21) with an active surface (24) and an opposing
back surface (25), the chip (21) having one or
more contact pads (22 and 23) on the active
surface (24);

applying an adhesion layer (20) adjacent to the
first surface of the dielectric film (10);

adhering the dielectric film (10) to the active sur-

face of the at least one power semiconductor
chip (21) by bringing the active surface into
physical contact with the adhesion layer (20);
forming a patterned electrically conductive layer
(40) adjacent to the second surface of the die-
lectric film (10), the conductive layer (40 extend-
ing through one or more through holes (11)
formed in the dielectric film (10) in order to form
electrical contact with the one or more contact
pads (22 and 23); and

removing the adhesion layer (20) to form one or
more air gaps (91) between the dielectric film
(10) and the active surface (24) of the at least
one power semiconductor chip (21).

2. The method of Claim 1, further comprising

forming a second dielectric film (181) adjacent
to the second surface of the first dielectric film
to provide a multi-layer dielectric (180) prior to
forming the conductive layer (40), so that the
conductive layer 40 is formed adjacent to the
second dielectric film (181) of the multi-layer di-
electric (180) during the forming step; and
removing the first dielectric film (10) in addition
to removing the adhesion layer (20) to form the
one or more air gaps (91), the second dielectric
film (181) remaining as part of the packaging
structure after the first dielectric film (10) is re-
moved.
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3. The method of Claim 1, further comprising removing
the dielectric film (10).

4. A power semiconductor chip packaging structure,
comprising

at least one power semiconductor chip (21) hav-
ing an active surface (24) and an opposing back
surface (25), the chip (21) having one or more
contact pads (22 and 23) on the active surface
(24);

a dielectric film 10 adjacent to the power semi-
conductor chip (21), the dielectric film (10) hav-
ing one or more through holes (11) aligned with
the one or more contact pads (22 and 23);

a patterned electrically conductive layer (40) ad-
jacent to the dielectric film (10), the conductive
layer (40) having one or more electrically con-
ductive posts (41) which extend through the one
or more though holes (11) aligned with the con-
tact pads (22 and 23) to electrically couple the
conductive layer (40) to the contact pads (22
and 23); and

one or more air gaps (91) between the dielectric
film (10) and the active surface (24) of the at
least one power semiconductor chip (21).

5. The power semiconductor chip packaging structure
of Claim 4, in which the dielectric film (10) comprises
a glass or a ceramic.

6. The power semiconductor chip packaging structure
of Claim 4, in which the packaging structure contains
no organic material.

7. A power module, comprising

at least one power semiconductor chip having
an active surface (24) and an opposing back sur-
face (25), the chip having one or more contact
pads (22 and 23) on the active surface (24);

a patterned electrically conductive layer (40)
having a wiring portion (42) and one or more
electrically conductive posts (41) which electri-
cally couple the conductive layer (40) to the con-
tact pads (22 and 23), the wiring portion (42)
extending laterally from the posts (41) in a plane
which is substantially parallel to the active sur-
face (24);

one or more air gaps (91) between the wiring
portion (42) of the conductive layer (40) and the
active surface (24) of the at least one power
semiconductor chip (21); and

a power module substrate (70) electrically cou-
pled to the back surface (25) of the at least one
power semiconductor chip (21).

8. A method of fabricating a power semiconductor chip
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packaging structure, comprising:

providing a dielectric film (10) having a first sur-
face and a second surface;

providing atleast one power semiconductor chip
(21) with an active surface 24 and an opposing
back surface (25), the chip (21) having one or
more contact pads (22 and 23) on the active
surface;

applying an adhesion layer (20) adjacent to the
first surface of the dielectric film (10), the adhe-
sion layer (20) comprising a first material;
adhering the dielectric film (10) to the active sur-
face (24) of the at least one power semiconduc-
tor chip (21) by bringing the active surface (24)
into physical contact with the adhesion layer
(20);

forming a patterned electrically conductive layer
(40) adjacent to the second surface of the die-
lectricfilm (10), the conductive layer (40) extend-
ing through one or more through holes (11)
formed in the dielectric film (10) in order to form
electrical contact with the one or more contact
pads (22 and 23); and

converting the adhesion layer (20) to a second
material which can withstand continuous oper-
ating temperatures of about 300° C or greater.

The method of claim 8, wherein the first material is
an inorganic-organic hybrid polymer, and the con-
verting step comprises curing the inorganic-organic
hybrid polymer to convert it to either an inorganic or
a substantially inorganic material.

A power semiconductor chip packaging structure,
comprising

at least one power semiconductor chip (21) hav-
ing an active surface (24) and an opposing back
surface (25), having one or more contact pads
(22 and 23) on the active surface 24;

a dielectric film (10) of uniform thickness having
a first surface and a second surface, the first
surface being adjacent to the active surface (24)
of the power semiconductor chip (21), and the
second surface forming a planar surface extend-
ing in all directions past the periphery of the pow-
er semiconductor chip (21), the dielectric film
(10) having one or more through holes (11)
aligned with the one or more contact pads (22
and 2)3;

an adhesion layer (20) positioned between the
dielectric film (10) and the at least one power
semiconductor chip (21), the adhesion layer (20)
comprising an inorganic or substantially inor-
ganic material; and

a patterned electrically conductive layer (40) ad-
jacent to the second surface of the dielectric film
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(10), the conductive layer (40) having one or
more electrically conductive posts (41) which
extend through the one or more though holes
(11) aligned with the contact pads (22 and 23)
to electrically couple the conductive layer (40)
to the contact pads (22 and 23).
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